UK Patent Application „»GB ,,,,2 306 378 m,A 



(43) Date of A Publication 07.05.1997 



{21} Application No 9521622.2 


(51) 


INTCL 6 








B29C 45/00 


(22) 


Date of Filing 21.10.1995 








(52) 


UK CL (Edition O) 






B5A AD27 A1R314C1X A1R314C3 A1R415 A2Q1C 


(71) 


Applicants) 




A20T14 




University of Warwick 










(56) 


Documents Cited 




(Incorporated in the United Kingdom) 




US 4690969 A 








WPI Abstract Accession No 94437820/42 & 




COVENTRY, CV4 7AL. United Kingdom 




JP6262648AIDUPONT) 20.09.94 (see abstract) WPI 








Abstract Accession No 91-320637/44 & JP3213317A 


(72) 


Inventor(a) 




(IDEfVUTSU) 18.09.91 (see abstract) 




Paul Stidworthy 








Gordon Frederick Smith 


(58) 


Raid of Search 








UK CL (Edition 0 ) B5A AB3 ADX AD27 AMA AMC 


(74) 


Agent and/or Address for Service 




AT14B 




Withers & Rogers 




INTCL 6 B29C 45/00 




4 Dyer's Buildings, Holbom, LONDON, EC1N 2JT, 




Online: WPI 




United Kingdom 







(54) Injection moulding apparatus 

(57) An injection moulding apparatus 20 comprising a mould cavity 22 having an inlet 30 for injection of 
mouldable material and a region 14 in which at least two flow fronts of mouldable material meet in use, 
wherein means 36 is provided for generating ultrasonic vibrations in said region in use. 
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APPARATUS AND M ETHOD OF INJECTION MOULDING 
The invention relates to apparatus and method of injection moulding of materials such 
as thermoplastics like polymers and polymer matrix composites. In particular, the 
invention relates to an apparatus and method which mitigate against the formation of 
weld lines at converging flow fronts of molten materials in a mould. 

In known injection moulding apparatus it is common to obtain internal and surface 
deformation in the moulded product This deformation reduces mechanical properties 
and aesthetic qualities of the moulded product. These defects are known as weld lines 
and form when two or more converging flow fronts meet. For example, in forming a 
wheel trim for a car wheel, it is known to injection mould the wheel trim in a mould 
having a centrally located injection sprue through which the molten plastics is injected. 
Inserts in the moulding cavity are used to create features such as apertures within the 
wheel trim to enhance the appearance thereof. However, these inserts create a 
divergence in the radial flow of the molten material thereby causing two separate flow 
fronts eventually to abut on the outermost side of the mould insert. 

A known system for trying to prevent such weld lines is described in the January 1994 
edition of the magazine "Polymer Processing" at pages 7-9. The authors, P.S. Allan 
and MJ. Bevis, describe a system comprising a heater and two pumped feed paths. 
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Two pumps effect oscillation of two opposing flow fronts along the feed paths and the 
heater heats the interface region to effect a macroscopic shear which re-aligns the 
polymer at the surface of the mould when the mould surface is at an elevated 
temperature. However, the system is relatively complex in that it requires multiple 
5 pumping systems for several injection inlets into the mould to control the feed of 

plastics. 

An object of the invention is to avoid or at least mitigate the problems of the prior art. 
According to one aspect of the invention there is provided injection moulding 

10 apparatus comprising a mould cavity having an inlet for injection of mouldable 

material, and a region in which at least two flow fronts of mouldable material meet in 
use, wherein means is provided for generating ultrasonic vibrations in said region in 
use. Beneficially, the ultrasonic vibrations can enable enhanced diffusion of molecules 
of the mouldable material at the interface of the two flow fronts thereby enhancing 

15 mechanical properties of the material at the flow front and also the surface structure 

thus improving the aesthetic qualities of the moulded product. 

Preferably, the ultrasonic vibration means comprises an ultrasonic transducer 
preferably operable in the 20 kHz frequency range. Additionally, the transducer can 
20 comprise means for conveying ultrasonic vibration to the desired region of the 



moulding cavity such as a horn. In one preferred embodiment the horn is cylindrical 
in shape whilst in another preferred embodiment the horn has a substantially triangular 
section along its longitudinal axis. Beneficially the end of the form can abut or be 
proximal to the interface region in the moulding cavity. 

An embodiment of the invention will now be described, by way of example only, with 
reference to the following drawings, in which:- 



Figure 1 is a schematic plan view of a known wheel trim; 



Figure 2 is a schematic cross-sectional, side elevation view of an injection 
moulding apparatus according to the invention; 

Figure 3 is a schematic perspective view of an ultrasonic transducer and horn 
for use in the apparatus shown in Figure 2; and 

Figure 4 is a schematic perspective view of an ultrasonic horn according to a 
second embodiment of the invention. 



Referring to figure 1, there is shown a wheel trim 10 which had been formed using a 



mould having a single injection sprue which allows molten mouldable material such 
as plastics to be injected into a moulding cavity. The material is injected 
approximately centrally of the trim 10, thereby effecting radial flow of molten material 
throughout the cavity. Inserts in the cavity create apertures 12 since no plastic material 
passes into these regions during the moulding process. The inserts in the moulding 
cavity however, cause two flow fronts, as indicated by arrows F about an aperture 12, 
to form during the moulding process. The flow fronts abut one another on the radially 
outermost side of an insert, thereby causing weld lines 14 and 16 on the upper surface 
of the moulding 10 as well as internal structural irregularities beneath the surface of 
the moulding. 

Figure 2 shows a schematic side elevation view of moulding apparatus 20 according 
to the invention comprising upper plates 23 and 24 wherein the latter abuts a first lower 
plate 26 along a split line 25 adjacent to a moulding cavity 22. First lower plate 26 
also abuts a second lower plate 28 along a split line 27. An inlet sprue 30 is provided 
through upper plates 23 and 24 into cavity 22. The outermost end of sprue 30 is 
positioned in a locating ring 34. An insert 32 in cavity 22 effects the formation of an 
aperture in a moulding created using apparatus 20. The apparatus 20 further 
comprises an ultrasonic transducer 36 and a control system 37 therefor. The 
transducer 36 is located in a suitably shaped recess within lower plate 26 and is held 



in position by abutment with second lower plate 28 having a through bore to allow 
connection to control 37. The ultrasonic transducer can operate at 20 kHz and have 
a 60 micron amplitude of oscillation. During the moulding process, the transducer 
can be activated at a power rating of about of 2 kW, for a time period in the order of 
500 ms. 

The transducer 36 is shown in more detail in figure 3 where it can be seen that the 
transducer 36 is connected via wires 41 at one end to control 37 and to an ultrasonic 
horn 38 at the other end. The horn 38 has a length d, between end faces 39 and 40, 
which should be integral multiples of half-wavelengths of the operational frequency. 
Accordingly d = nX/2. 

In use, molten mouldable material is injected through sprue 30 into cavity 22 and 
therefore disperses outwardly from the lower end of sprue 30 in cavity 22. Insert 32 
within the cavity 22 causes two flow fronts to move around the insert. The flow fronts 
abut in the region of the cavity 22 adjacent to transducer 36. In order to mitigate 
against the surface weld lines, the ultrasonic transducer 36 is activated thereby to 
enhance diffusion at the interface of the two flow fronts. After moulding is complete, 
upper plates 23 and 24 can be removed from plate 26 along split line 25 thereby to 
remove a moulding from cavity 22. 
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Figure 4 shows an alternative embodiment of a horn for the ultrasonic transducer 
according to the invention. The horn 38a is substantially an axial section through a 
conical frustrum; that is having an end 40a for abutment with transducer 36, a body 
having a triangular section along its longitudinal axis and an elongate end face 39a. 
5 The length of face 39a can be as long as the interface region of the flow fronts in the 

cavity. 

Beneficially, the ultrasonic technique eliminates weld lines in a moulded component 
both in the bulk material and at the surface. The ultrasonic energy can be directed 
10 specifically to regions where weld lines would otherwise form. Preferably, the tip of 

the ultrasonic horn actually contacts the mouldable material such as thermoplastic in 
a cavity, but can be slightly withdrawn therefrom. 
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CLAIMS 

1 . An injection moulding apparatus comprising a mould cavity having an inlet for 
injection of mouldable material, and a region in which at least two flow fronts of 
mouldable material meet in use, wherein means is provided for generating ultrasonic 

5 vibrations in said region in use. 

2. Apparatus according to claim 1 wherein the ultrasonic vibration means 
comprises an ultrasonic transducer. 

10 3. Apparatus according to claim 2 wherein the transducer is operable in the 20 kHz 

frequency range. 

4. Apparatus according to claim 2 or 3 wherein the transducer comprises means 
for conveying ultrasonic vibration to the desired region of the moulding cavity. 

15 

5. Apparatus according to claim 4 wherein the conveying means is a horn. 

6. Apparatus according to claim 5 wherein the horn comprises a cylindrically 
shaped portion. 
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7. Apparatus according to claim 5 wherein the horn comprises a section which is 
substantially triangular along its longitudinal axis. 

8. Apparatus according to claim 5, 6 or 7 wherein the horn abuts or is proximal to 
5 the interface region in the moulding cavity in use. 

9. Apparatus according to any one of claims 5 to 8 wherein the horn has a 
substantially rectangular end face proximal the interface region. 

10 10. Apparatus according to any one of claims 5 to 8 wherein the horn has a 

substantially circular end face proximal the interface region. 
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